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统计分析，获得了 PZC 电位以正、PZC 电位和 PZC 电位以负三个电位区间内层
状结构的数目、厚度和稳定性等结构信息，并建立了反映力与电位（和表面电荷）
关系的 F-E 曲线，讨论了三个电位区间的层状结构的特征。结果表明：在所研究





















2. 将研究体系拓展到 Au(111)/[OMI][PF6]，运用 EC-AFM 力曲线方法对比
研究 Au(111)/[OMI][PF6]界面在 PZC 电位以正、PZC 电位和 PZC 电位以负三个
电位区间内层状结构的数目、厚度和稳定性等结构信息，并加以详细分析。由于












究发现，在 15 到 40 ℃ 的温度范围内，温度越低，离子液体层状结构越稳定，
这是因为温度越低，离子的热运动剧烈程度越小，越有利于保持层状结构的稳定
性。温度对[OMI][PF6]离子液体层状结构的稳定性和数目的影响比[BMI][PF6]要
缓和：温度改变 5℃，[OMI][PF6]在-1.6 V 下第一层层状结构的力值变化仅为 1
























Room temperature ionic liquids，as a new type of green solvents and benefited 
from distinct advantages such as wide electrochemical window, low vapour pressure, 
and good conductivity, have found wide applications in various fields. However, the 
investigations of electric double layer (EDL) structure at “electrode/ionic liquid” 
interfaces are still in its infancy. Comparing with those in aqueous solution systems, 
the EDLs at electrode-ionic liquid interfaces have distinct characteristics and 
properties. In recent years, there are researches which have shown that ionic liquids at 
the vicinity of the electrode surfaces spontaneously form ordered solid-like layering 
structure. However, the investigations of the layering behaviors, especially their 
potential-dependence are still very preliminary. Therefore, further studies to enrich 
our knowledge of electrode-ionic liquid interfaces are very important. 
By utilizing in-situ AFM (EC-AFM) as well as various electrochemical methods, 
systematic investigations have been carried out mainly on Au(111) single-crystal 
surfaces in imidazolium-based ionic liquids with different lengths of alkyl side chains, 
which are broadly used especially in the filed of electrochemistry. Through the study 
of the number, thickness and stability of the layering structures from 
potential-dependent and temperature-dependent AFM force curve measurements, we 
hope to reveal the multi-natured interactions between electrode surfaces and ionic 
liquids, thus providing experimental evidences for establishing a rational model of 
“electrode/ionic liquid” interface. The main results are outlined as follows: 
1. The potentials of zero charge (PZC) and Q-E curves of electrode-ionic liquid 
interfaces are measured to understand electrochemical behavior of the ionic liquids in 
the double layer regions.  
2. EC-AFM force measurements are employed to investigate the layering 
structures at Au (111)/[BMI][PF6] interface along with the change of the electrode 
potential. Through detailed statistical analysis of force curves, information about the 
number, thickness and stability of the layering structures at potentials positive of, 















features of the layering behavior in different potential regimes. It is shown that in the 
studied potential region（-0.9 ~ 0.5 V）, the Au (111)/[BMI][PF6] interface is formed 
with charged interior layers and neutral exterior layers. The existence of the neutral 
exterior layers seems to be an inherent characteristic of ionic liquids, which can reach 
a maximum of 3 layers, while the charged interior layers is the result of electrostatic 
constraint by the surface charge, which can reach a maximum of 2 layers. So 
important conclusions are that the EDL structure at the “electrode/ionic liquid” 
interface is confined to less than 2 nm, and presence of the neutral exterior layers can 
prove that there is no clear diffuse layer at the electrified interface. 
3. Then EC-AFM force curve investigations of the layering structures are 
expanded to Au(111)/[OMI][PF6] interfaces, in which the OMI+ has much longer 
alkyl than BMI+ and the ions at the interface are likely to show the arrangement of 
anion sub-layer and cation sub-layer structures. The information about the number, 
thickness and stability of the layering structures at potentials positive of, close to and 
negative of PZC are obtained. Similar to those in BMI+ system, it is found that Au 
(111)/[OMI][PF6] interface is formed by charged interior layers and neutral exterior 
layers too. But there contains only one neutral exterior layer and one charged interior 
layer. Meanwhile, AFM force curves containing information about the sub-layer 
structure are obtained. Based on detailed analysis and discussions, models about the 
arrangement of anions and cations at the interfaces along with the change of electrode 
potential are proposed. At potentials positive of PZC, anions are located at the closest 
to the electrode surface, followed by the octane chain in the middle, and finally the 
imidazole ring at the far most. At negative potential of PZC, the imidazole ring of 
cations is located at the closest to the electrode surface, followed by the octane chain, 
and finally the anions at the far most. At close to PZC, cations and anions take a 
chessboard-type of arrangement with their equal accessibility to the electrode surface 
.4. Temperature influence on the layering behaviors of the above two kinds of 
ionic liquid systems are investigated. It is shown that within the temperature range of 
15 to 40 ℃, the stability of the layering structures in both BMI+ and OMI+ systems 















However, the temperature influence is greater for BMI+ than for OMI+ system. At -1.6 
V, variation of temperature by 5 ˚C ，the force of [OMI][PF6] layering structure 
change for only 1 to 2 nN, while the force of [BMI][PF6] layering structure change for 
3 to 5 nN at -1.0 V. In addition, at low temperature, the number of the [BMI][PF6] 
layering structures increase, while that of [OMI][PF6] layer structure maintains the 
same. This difference may be associated with the different molecular size; At the same 
time, [OMI][PF6] is more viscous than [BMI][PF6], so that the former could be less 
sensitive to temperature perturbation. 
 
Key words: Interface electrochemistry. Ionic liquids. Au (111). Electric double 
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